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INTRCOÜCnON 

| 

A continuing study of upper atmospheric wlnfJ s over the lower 

West Indies has been made possible by the firing of high altitude 

ballistic probes frca a sixteen-inch gun located on the Island of 

Barbados.  These firings are being carried out by the 0. S. Anay 

Billlatio Researou Laboratories, Aberdeen Proving Ground, Maryland, 

'.nder the direction of Dr. Charles H. Murphy, and by the Space Research 

.'institute of MoGlll university, Canada, under the direction of Dr. GoV, 

Bull. 

Atmospheric winds are studied by releasing chealoal trails from 

the gun fired probes during the upper portion of their trajectories. 

To date, the primary chaaioal which has been released is trimethyl 

alujalnuB (IMA). TMA produoes a ohendlumlnescont glow in regions of 

the atmosphere above 85 kilcrseters, thus allowing tho trails to bo 

photographed while being distorted by upper atmosphere winds. The 

photographs oan then be reduced by Space Inatmaent?« Research using 

oooputer techniques to provide wind information. 

Although the data reduction given in this report is funded 

directly by the 0. S. Army, it is part of a Joint U.S.-Canadian HARP- 

McGill prograjn which is supported by the ü. S. Aray and the Canadian 

Department of Defense Production. 

The purpose of this report is to sunmarizo results of these 

studies for the period from July, 1964, through August, I965. 
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DATA ACQUISITION 

The oh^nical trails are formed alaost vertically over the island 

l of Barbados  (longitude 59.^°^  latitude 13.0oN) and extend from an 

altitude of 85 kilometerB through apogee.    In sane firings,  TMA is 

also released on the down leg  of the trajectory.     To the unaided eye, 

tba chemical release  first appears as a straight white  trail resembling 

a  Jet contrail,    Within a minute or so,  the trail is distorted into 

Istrange  shapes by the upper atmospheric winds,  and fades  from view 

within fifteen minutes after initial release, 

~ Space Instruments Research has established eight photographic 

triangulation stations on the Islands of Barbados,   St,  Vincent, 

Grenada,  and Tobago, with two sites per island.    Sites were also 

located on St,  Luc\a during one of the earlier series.    These islands 
rj 
m are located to the west and  south of  Barbados at distances  of 190 to 

290 kilometers.    While only one site on each of two islands is needed 

for data reduction purposes,   the eight sites have been found necessary 

because of cloud conditions  in the area. 

Equipment at each site,  built by SIR,  consists  of a camera 

unit containing two seven-inch focal length cameras mounted on a 

Ic-oncrete pedestal and an electronic camera control.     Cameras are 

automatically pulsed to take exposures of 3i  6,   and 1?. seconds duration 

üvory  thirty seconds. 

Since ooramerolal power is  oHhar unreliable or unavailable 

at moat alto looatlo.is,  SIR has developed a bettery operated 115-volt 

power supply for the control equipment.    The power supply Is tuning- 

1 
fork oontrollec. and provides 60 cycle power with an accuracy of 0.005^ 
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fcr the camera programmer so that pictures can be taken simultaneously 

nt each site, A data chamber on each camera unit records time as veil 

as shot and site Information in the comer of each frame of film. 

A short wave radio net connecting all sites and the launch 

control center has oeen installed by SIR to enable the launch control 

officer on Barbados to be informed of weather conditions on the islands 

and to synchronize picture-taking operations with the firing of the 

gun. Most sites are operated by local personnel, trained by SIR. 

During a typical night's operation, the gun is fired at one to 

tso-hour Intervals, weather permitting, from sunset to sunrise. 

Photographs are taken by all sites while the trail is visible.  The 

fiLn is returned to Atlanta for processing and data reduction. 
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DA1A REDUCTION 

Upper atmospheric winds are determined by means of several 

oomputer programs from measurements taken from pictures of the trails. 

As the method used is basically three dimensional triangulation 

using spherical trigonometry, it is necessary to know precisely the 

direction each camera was pointed during a given firing. The direction 

is determined by first taking accurate measurements of the locations of 

several star images on the i.JLm and then computing the azimuth and 

elevation of the optical axis of the camera by means of a computer 

program, making use of the celestial coordinates of some 6,000 stars 

which have been stored on magnetic tape. 

Wind speeds and directions are then determined from the location 

of the trail in space at a succession of known times. The lecation is 

found using either a point position or trail position program or both 

and depends on the nature of the chemical release. 

Point locatloi method. If the chemical release exhibits discrete 

points (resulting either from turbulence or from the nature of the 

release mechanism) and those points can be identified on films from two 

or more islands, the point location program can be used to calculate 

the position of each point in longitude, latitude, and altitude above 

sea level from measurements taken from the films.  These calculations 

are made from data taken at successive times. A wind program can then 

calculate both vertical and horizontal winds from the motion of these 

points as a function of time. 

Trail looation method. Most of the chemical releases produce 

a smooth trail having few, if any, identifiable points. In such cases. 

-4- 
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film ooordinates of a large number of incranental points along the 

film image of the trail are fed into the computer from data from two 

or more Islands, The trail location program attempts to triangulate 

eich point from ona site with many points from another site, finally 

choosing points from both sites whose optical paths from camera into 

rpace form the closest spatial intersection, kftor  doing many hundreds 

of such calculations, the computer is ablo to construst coordinates 

for a mathematical curve in the shape of the trail in space. Then, 

as with the point location program, winds can be determined from the 

rrotion of the curve with time. Here, however, it must be assumed that 

vertical winds are essentially zero. This assumption is borne out by 

previous studios which have shown vertical winds in this altitude 

region to be of the order of a few meters per second compared to hori- 

zontal Hinds ranging up to 150 meters per second. 

Corrections for such variables as atmospheric refraction, rotation 

of camera about optical axis, and camera focal length variations are 

incorporated into the programs to maintain high accuracy. Focal 

length and camera rotation are in fact calculated fron measurements of 

the positions of star images on the films. 
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INTERPRETATiraj OF DATA 

The roaAlnder of this report presents the results of wind 

studies from eighteen shots. For each shot, results are first shown 

in tabular form, followed by plots of wind velocity, heading, coaponents, 

and shear. 

In nearly all cases, winds were calculated at altitude intervals 

of one kilometer. Points on the various plots show the actual computed 

result^ as listed in the table preceding the plot, A curve has been 

fitted to each set of points to aid in detecting wind patterns and to 

indicate reliability of the plotted results»  Each curve has been drawn 

with a knowledge of Intermediate results leading to the wind calculations 

and of the consistency of the winds as calculated between each of 

the five or six time Intervals used. In cases where point-to-point 

curve fitting was not thought to reflect actual variations in wind 

velocity, heading, coraponentüi, or shear, a more appropriate smooth 

curve has bean drawn. Otherwise the curves are fitted directly to the 

data points. Results of certain portions of the trails are at tirces 

less accurate than others due to the spacial orientation of those trail 

segments relative to the available photographic stations. Less accurate 

data also can result from photographs obscured by haze and clouds ard 

from trails of short duration. 

Wind velocity plot. This plot shows the velocity of the wind 

vector In meters per second as a function of height in kilometers above 

sea level. 

Wind heading plot. The wind vector is considered to point in 

the direction toward which the wind is moving. The heading plot shows 
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the direction of this vector in degrees clockwise from north as seen 

from above.    Thus a wind heading toward the east would be ninety degrees. 

Wind components plot.    While plots of wind heading and velocity 

do completely describe the wind vector, it has been found helpful In 

studying wind patterns to present the north-south and  east-west velocity 

components of the vector.    In the north-south plot,  north is positive; 

^outh is negative.     In the east-west plot,  east is  prsltlve,  wast 

negative.    Components are plotted in meters per second versus hoight 

in kilometers. 

Wind shear plot.     Of considerable interest in upper atmospheric 

wind studies is the wind rhear,   or rate of change of velocity with 

altitude.    Shear is plotted in component form showing north-south and 

east-west shears in meters per second per kilometer versus height in 

kilotnaters.    The shear components are not listed in tabular form as 

they are calculated from the curves fitted to the plots of wind velocity 

components rnther than from the points themselves.    This approach wae 

found necessary to provide realistic values of wind shear. 

'i 
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Trail 
No. 
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10 
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12 

13 

1^ 

15 

16 

17 

18 

/Vl^'"' ' 

TABLE OF.miL QIFORHäHON- 

Name Dato Time  (AST) 

Irl8 7 July 196^ 19:02:29 

Janet 7 July 1964 21I10I00 

Sharon 22 July .1964 19:00:00 

Quermia 24 July 1964 19:45:00 

Lupaoa 23 March 1965 21:24:03 

Miami .24 March 1965 01:03:00 

Nootka 27 March I965 02:20:00 

Ottawa 28 March 1965 20:01.150 

Puablo 28 March 1965 22:20:00 

Mariua 3 June I965 19:57:00 

Noro 3 June 1965 22:41:00 

ETUgabolua 4 June 1965 01:34:56 

Fablus 4 June 1965 03:17:00 

Orld 9 June 1965 21:57:00 

Cicero 9 June 1965 23:57:50 

Pliny 1Q Juna 1965 21:07:0 3 

Tlberiuo 5 August 1965 20i20:3i ) 

ünbrla 6 August I965 02:44iCH D 

Altitudes (Km) 

94-102 

37-95 

95-96 

90-96 

92-114 

101-110 

92-111 

105-119 

90-117 

102-114 

88-94 

91-121 

92-107 

95-103 

91-103 

97-108 

95-107 

94-106 
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SECTION I 

FOUR TRAIL RELEASES    July 7-25,  1964 
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SHOT       IRIS 7    JULY    \9bU 19-02-29    AST 

W IND WIND WIND COMPON t N T S 
ALTITUDE HEADING VELOCITY ( M / S ) 

(KM) (DEC) ( M / S ) N-S E-W 

94.0 132.7 47.2 -32.0 34 .7 

95.0 150.0 61 .8 -53.5 30.9 

96.0 165.6 69.9 -67.7 1 7 „4 

97.0 178.1 85.4 -85.4 J .8 
98.0 198.1 85.4 -81 .1 -2b.5 

99.0 213.6 78.9 -65.7 -43.7 

100.0 22A.9 59.1 -41 .8 -41.7 

101.0 2A7.3 42.8 -16,5 -39.5 

102.0 283.2 35.4 8.0 -34.4 

i 

I 
I 
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SHOT  JANET 7 JULY 196^» 21-10 -00 A 
UP TRAIL 

WIND WIND WIND COMPON ■NTS 
ALTITUDE HEADING VELOCITY (M/S) 

(KM ) (DEG) (M/S) N-S E-w 
87.0 117.3 28.1 -12.9 Sb.O 
88.0 121.2 12.3 -6.4 10.5 
89.0 119.6 18.7 -9.3 16.3 
90.0 86.9 13.9 0.7 13.'/ 
91.0 118.? 15.0 -7.1 13.: 
92.0 138.7 30.6 -23.0 2 0.2 
93.0 138.3 A6.2 -34.5 30.7 
9A.0 1A1.9 60.3 -^7.4 3 7.,? 
95.0 138.9 71.5 -53.9 kT.O 

AST 

i 
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SHOT JANET 
DOWN   TRAIL 

WIND 
ALTITUDE HEADING 

(KM) (DEG) 
86.0 102.9 
87,0 100.6 
88.0 122.0 
89.0 137.0 
90.0 109.2 
91.0 131.8 

7   JULY    1964 21-10-00   AST 

WIND 
VELOCITY 

(M/S) 
25.6 
9.2 
6. 2 

10.5 
7.3 

16.8 

WIND COMPON' 
(M/S ) 

.NTS 

N-S E-W 
-5.7 24.^3 
-1.7 9.3 
-3.3 5.1 
-7.7 7.1 
-2.4 0.9 

-11.2 12.5 

; 
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SHOT JANET 
POINT MOTION 

WIND 
ALTITUDE            HEADING 

( KM) (DEG) 

93.8 145.0 
91.2 129.3 
97,2 175.3 
98.8 166.6 
98.^ 176.0 
96.5 170,4 
95.6 163.9 

100.8 202.1 
101.6 221.3 
99.6 185.0 

102.2 255.0 
100.5 252.6 
101.4 211.3 
96.5 168,2 
86.3 93.3 
90.0 106.9 
88,1 131.2 
89.7 93.2 

101.6 258.5 
96.5 158.4 
96.1 162,3 
93.6 141.5 
93.3 141.7 
92.5 142.4 
92.4 136.0 

7 JULY   1964 

WIND 
VELOCITY 

(M/S) 

70 .4 
32 .1 
49 .2 
49 .2 
42 .1 
59 .6 
64 .8 
29 ,3 
39 .8 
42 .0 
42 ,0 
40 ,4 
44, ,6 
49. .2 
26. .7 

9, .1 
17, .0 

7, 0 
43. 3 
58. 4 
60, 7 
78, 5 
67. 8 
51. 0 
59. 3 

21-10-00   AST 

WIND   COMPONENTS 
(M/S) 

N-S E-W 

-57.7 
-20.3 
-49.0 
-4 7.8 
-42.0 
-58.7 
-62.3 
-27.2 
■29.9 
•41 .8 
■10.9 
■12.1 
•38.2 
•48.1 
■-1.5 
-2.6 
11.2 
-0.4 
-8.7 
•54.3 
■57.9 
61 .5 
53.2 
40.4 
42.? 

40 „^ 
24 »a 
4 oO 

11 .4 
2 ,9 
9 o9 

18-, .0 
-11. oO 
-26, = 2 

-3, .6 
-40. = 5 
-38, >6 
-23, .2 

10, .1 
26, .6 

6, .7 
12. .8 

7. .0 
-42, .4 

21. .5 
18. .5 
48. .9 
42. ,1 
31. .1 
41. ■ 2 
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ri^ftfnmi^frr^^ 

i 

\ 

I 

0 

0 

I 

I 

JANET 

7 JULY  1964 21:10.00  AST. 

T 1            1             1 1 1          1          V          1 1 

108 - WIND COMPONENTS 

ON-S 

- 

106 • E-W " 

104 - - 

102 - • 

^} 
- 

100 B 
0 / oS. - 

0\ 

98 m» 

o/ /o V - 

WGHT e \ 
(KM) 

96 - 
opo 

ojf 
- 

1 o \.   © 

94 

00^ 92 

^xo ©/ 

■" 

90 - 
^^ 

- 

i « « 
88 oio 0 V 

•  Nv   • 

86 - A0 
/ 

1 1       1      1 1 1                1                1                1 1 
-100    -80      -60     -48 -20        0 20 

VELOCITY (M/S) 

40 60        80        100 

. - 

rtJrtJHJWiiPni- lagflCü ■x^^Hiri'/i^ti! ff^A^^.L^i^^^i..y.\^^^Jj^^^^^.^.t-..^J^^lj^^^^ .  
■ ■    lA Mte&Mi  ....      :, .     -    ■ _.;_.. ■   .....■.■ 



—^—,    ■.!   • T  '"-  M.L.I     i.-auu-J-WJIKliSWl.' ■V.' ^■J.'      U  4P  ..H*   k »IIVJ^VW^M Liuimu,ijifHWWllm>!»'*"li-,g'-yw*^gwWi^ w^mmmi^m^mmmnm 

;:-: 

! i 

I 

JANET 

7  iULY   1084 

—i r 

108 " 

106 - 

104 

102 

100 
HEIGHT 
(KM) 

sa 

96 

94 

92 

90 

86 

21:10;00 AST 

T 1 1  

WIND VELOCITY 

J L JL X ± J_ 
20       40 60        80        Id       120 

VELOC.TY (M/S) 

' 

i 

rmnr-i.Tifiiir.iV,!*.'^"--'-^"^^-"- L..*......-.'-.^.^-^*-.^.:^.^^^^.   |-,,.^-^....K^^^^^^t.^^^,^L^^k^^^^^^.J,..„^^/ .,. 



RPi 

I 

] 

] 

J 

Ü 

JANET 

7 JULY 1964 21:10.00  AST 

1 1 1 1 1             1 1            I            1            1 1 

108 - 

WIND HEADING 
- 

106 - - 

104 - - 

102 - 
P^o 

- 

100 
o 

— 

HEIGHT 
(KM) • / 

98 

•L 
96 

0
/ 

/• 

94 - 

, 

— 

92 - 

°/ / 

- 

90 '— •cü 
o 

— 

88 -■• 

y ? 3 "■■ 

8G 

1 1 1 J_ i       i 1           1          1           1 1 

40 80        120 160       200       240 
HEADING (DIG) 

280       320 40 

... 

■ ■.u^A.^^^LiLfl.':.:.- .- ■     L: J- ---— 



tM,.ii*' MmTM!" 
,,ipii.i.^.a,,..j    i uim^m-wL" -,. M^jt-^mmmmmZBintHi 

108 

106 

104 

102 

100 
HEIGHI 

(KM) 
98 f- 

JANET 

i r 
7  JULY    1964 

i r 
21:10.00   A.S.T. 

T 1— i r 

WIND SHEAR COMPONENTS 

o N-S 
0 E-W 

96 r{ 

/                 \ 
94 

^^j/ 

^^x 

92 -                                                                                                      J f                                                                        - 

90 x^ 
\r 

88 
/ 

r                                                  " 

86 

. L__     II., J 1_      i        ■        .        , 

100     -80      -60      -40       -20 0        20        40        60        80        100 

SHEAR(M/S/KM) 

i-irW^^a 1^.11 JJ 
jiift'ä.^ji^H^.T-..;^ a, .;■:■! 

^LiMW>.--A^-tif.lTnt>^'l>-.l
JMtrff.-M r1 



||i-J,L pU^JW f! IJ!   i .ili.U. 11 ^■.wgyHwmiiM ■j«J!.w.wjy.wT.!iii..i»ii,.Li.,ujJ4'-u.u.i...iJii«jj».L.-t'i|.Ti •tSftW***   HWÜ ^ J! i^lJ-lr,-^!,"'k,SR". 

] 
D 

1 

i 

i 

I 

I 

5 

SHOT       SHARON 22   JULY    196^ 

ALT ITUDE 
(KM) 

95.0 
96.0 
97.0 
98.0 

WIND 
HEADING 

(DEG) 

257.7 
1 12.3 
95.9 
93.6 

WIND 
VELOCITY 

«M/S) 

18.9 
14.8 
49.3 
72.1 

19-00-30    AST 

UND   COMPONtNlS 
(M/S) 

■S L -W 

■U.O 
■5.6 
■5.1 
■U .6 

-18.5 
13.7 
A 9 . 3 
M .9 

..    -.d  =.-. ^-üj- .... .,-,  -I-   .J_. fc.-iw-.'.,.ki. *.',?!!-   .■*!    .-^fc-.-J»-   iKdfjl.fil atMl'ilArAnUjaM.-.»^. i. 1 ..        ■       ■ 



rrry^T^ i"-■'■'  'VJ—^ii      .1   , J.i^wpifffHMMifW- ?.r.ILllJUIJ.UUIUH| 

SHARON 

I 

22  JULY    1964 19-. 00:00   AST 

1            1             I              1 1                            1             1              1             1 1 

108 — WIND COMPONENTS - 

ON-S 

10G —" • E-W **" 

104 - — 

10? - 

100 - - 

98 _m 9 - 

HEIGHT ] ^^^^ 
(KM) 

96 - 
9 
4 

©--"6' 

J^^" " 

94 — — 

92 — - 

9^ - - 

88 - _ 

86 - - 

1             1              f             1 l !               1                1               I 1 

-100    -80      -60     -40 -20        0 20 

VELOCITY (M/S) 

40 60        80       100 

.1,,, f"   " "■'—■■-■ ' ^^■■■i.v i'.'ilin.irf.wJftlwinW'^i'W „^.tmiriiim,-''-'-^''-''^'-^1*"*'^^^ -^ifllr,ii-'ri'itifii'^^'-:,'"J';"- 



»«v»Mim»HW'«mn|,|»JJi .■ii>-iM!Jii|u..4t»Mt'WIP.U|'»-Pf»^.lWW^'llW,llll'-J--«'g!'il.l- J.ilWWW''- ■ - "I'W*^.'-"-'-'1^ ' 
!H.;UU' i...J'.^IM -L . x^ .IMJJ! B-iTywg^^^^pffg 

i 

I 

i 

J 

I 

I 

1 

i 

1 

! 

22 JULY   1964 

!08 

106 

104 

102 

100 
HEIGHT 

(KM) 
38 

96 

94 

92 

90 

SHARON 

19.00:00   AST 

i r 

WIND VELOCITY 

86 - 

-L 
20        40 GO 80        100       120 

VELOCITY (M/S) 

! 

^.^;.^^J.---^-^A^-i.-,...«:»..LJ. ,-. .>,<.• v.v<-ik,. *■.■■■ ■,aJ...iS.J:i^J^^.tVC<i> 



.-!LIW4l.;i»IJJIl^^ll'l'.»^W*^''l'li->HMTW|Mllla*ipj 

I 

SHARON 

22  JULY   1964 19.00:00   AST 

1 1              1              1             1            1 till I 

108 - 
WIND HEADING 

- 

106 - - 

104 - - 

102 - - 

100 __ — 

HEIGHT 
(KM) 

98 — 1 
— 

96 — 

 -• 

- 

94 - — 

92 - - 

90 - - 

88 - — 

8C - — 

, 1             1              1             1             1 till I 

■, 

' 

0 40        80        120 160       200       240 
HEADING (DEG) 

280       320 0 40 

_: u  ̂
^*4^^ ^^■■■■^^^■^^^^^...A.^.fitfiU-.^.-yi^L^fl 



lW*n 'n 

1 

I 

I 

d 

- 

I 

I 

108 

106 

104 

102 

100 
HEIGHT 

(KM) 
98 

96 

94 

92 

90 

86 

.L 

SHARON 

22 JULY 1964 

~i 1 r 
19.00:00   AST 

T 1 1 T 

WIND SHEAR COMPONENTS 

o N-S 
• E-W 

_L _L ± ± I _L 

-100     -80      -60      -40       -20        0        20        40 

SHEAR(M /S /KM) 

60 80 100 

^ ''  i : * : ;  ' ; : -  



vm^mmmmmmm millui. i.i.jiJimfi 

SHOT QUEENIE 

WIND 
ALTITUDE HEADING 

(<M ) (DEG) 
90.0 223.7 
91.0 236.2 
92.0 272.7 
93.0 292.8 
9^.0 308.6 
95.0 319.8 
96.0 336.1 

2k   JULY 196^+ 

WIND WIND 
VELOCITY 
(M/S) N-S 
73.8 -53,U 
86.8 -^8 .3 
69.3 3.3 
62.9 24.4 
53.7 34,7 
5 3.0 40.5 
44.5 40.6 

19-45-00 AST 

COMPÜN; 
(M/S ) 

NTS 

E- 
-51 
-72 
-69 
-58 
-4 i 
-34 
-18" 

. ^ 
o2 

.0 

.5 

.2 

.0 

-i 

.■•.l  ■.■.    ^Wt^-CL* i- -i ''..■-■ ^-■. i   ;., , -1    | 6 Ä^*W«ji^3iA-iaJ.'U i** i 



P^Hwitfl^ltfy^lWIiliIiili^lLiJii-,.     j-i1' -I.'. !-..i.rMi^'Mw-i-i'M.v.-w-,iji^^.g-'---i».f-j'-,T-^P..^»yi:i»jiitJ^|ij;..Tj.^^^^ 

1 

1 
! 

■ 

1 

J 

ü 

QUEENIE 
24 JULY    1964 19:45:00 A S T 

1         I         1      "   I       T 1           1                      1                     1                    1 i 

108 - WIND COMPONENTS 

ON-S 

- 

106 m* • E-W 
**" 

104 - - 

102 - - 

,00 i— 
- 

98 
HEIGHT 
(KM) 

96 : o - 

94 y* y - 

92 I         ^^^ <^ - 

90 - 

88 - - 

86 - - 

1                     1                      1                     1                      1 i    i    i    i i 

-100    -80      -BO      -40      -20        0 20        40 60        80       100 

VELOCITY (M/S) 

L 

«^^firft^Al. U^Ll|jy^|UM^w» ,.,    ■,.■     M-l.'.. 



!■ iJ-MJfUWW-'Httwr.!«7.)-l.l..l--J'W-'JBl^?.lJ.,l-lt--»WW^-tH.>J''l-y^l!lS 

i 

I 

100 

106 

104 

102 

100 
HEIGHT 
(KM) 

98 

96 

94 

92 

90 

86 

QUEENIE 
24 JULY   1964                                                          19:45-.00 AST 

 1 1 1 1 1 \  

WIMD VELOCITY 

_!_ J_ I J_ 
20       40 60        80       100       120 

VELOCITY (M/S) 

Jr, 

 ; L^  



1 ■■'■■—     i   .itmyntfvrv 

i 

! 

0 

0 

] 

3 

I 

QUEENIE 
24 JULY 1964 19:45:00 AST 

1 1 1            1 1 1             1            1             I             I 1          j 

108 - 
WIND HEADING 

A 

106 - i 

104 - ~\ 

102 - A 

'00 _ —J 

HEIGHT 
(KM) 

98 A 

96 — 
/ I 

94 - / 
-H 

92 — / -| 

90 - / -] 

88 u H 

86 

1 1 1            1 1 1           1          1          1           1 1               1 
40 80        120      160       200       240      280       320 

HEADING (DEG) 
40 

liMtrnititiflJiiifiiii>-|  T ||----:^>-*—--.|^i t<iii<:*»K^...A^jj..L..i,.j.,ut^v.i.....i,^ t...» ,  ^ifeftLJMi ■*.<art-.'» »IUI.H.-B^ e;*.*iJj.i-r\it 



■,umqÄ^J*WV»i)l««MWWWff 

I 

4 

I.V. 

96 

94 

92 

90 

86 

QUEENIE 
24 JULY   1964 19:45:00 AST 

1            1            1             1            1 1            1             t            1           1 

108 — 

WIND SHEAR COMPONENTS 

- 

106 - — 

104 ™ 

o N-S 
e E-W - 

102 - 

100 
HEIGHT 

(KM) 
98 = 

\. 

J_ L ± J L 

-100     -80      -60 •40       -20        0        20        40 

SHEAR(M /S/KM) 

J L 

60        80        100 

! 

B 

 ^^ ■   -"■  ■    ■   ■   ■■—:  

 — — 



enpmmpiispj.jiiiiiiiiv * pwiiii(.i»*W.JUU.i»,*«i!iv1j^Mi^-_T--«T,v»r^'t ■tJi- v^^■^'»^■'J'■■,'*.^^'^w.^»^f,w'IlWl»^*v^J■J.#l.^^^^^k..^JlJl1Jpl^.WJJi^l!P^f^4V"■lf"l ■P"  'f""«"^»«"!! 

SECTION II 

FIVE TRAIL RELEASES      March 23-28,   1965 

*HLi .tL'i*:£i£*tijVi«LLt\7A*~.- 



-.■^«■.fKCW-»1  UliJ^lliJ'i.«J'«*''i.VIB 

SHOT      LUPAKA 

WIND 
ALTITUDE HEADING 

( <M ) (DEG) 
92.0 221.1 
^3.0 227.8 
9^.0 235.8 
95.0 2W.3 
96.0 283. 1 
97.0 299.^* 
98.0 302.6 
99.0 285.3 

100.0 276.6 
101.0 267.1 
102.0 246.8 
103,0 232.5 
104.0 194. 7 
105.0 166.8 
106.0 214.0 
107.0 258.2 
108.0 280.^. 
109.0 293.0 
110.0 3.8 
111.0 14.3 
112.0 32.^ 
113.0 54.0 
114.0 79,2 

23   MARCH    1965 21-2^-03    AST 

WI ND 
VELOCI TY 

C-VS) 
9 8 .2 
88 oO 
81 .2 
71 . 7 
89 .3 

121 .0 
130 .8 
107 o 7 

99 = 3 
82 = 9 
65. »3 
kl, . 7 
37, ,*. 
44. ■ 7 

31. .0 
47, 9 
55. 9 
63. 0 
42. 9 
30. U 

25. 8 
22. 7 
18. 7 

WIND CÜMPONtN I -J 

(M/S ) 
N-S E-« 

-74.0 6A . '■ 
-59.. hb.. 
-45. f o 7.2 
-27.7 ■tu.2 
20.2 -81.C 
59. 3 -105.5 
70.5 - 1 1 C . 2 
28 .5 -103.8 
11.5 -98.7 
-4.2 -82.8 

-25.7 -60.0 
-29.Ü -37.8 

36 .2 -9.5 
-43.5 10.2 
25.7 -1 7.3 
-9.8 -46.9 
10.1 -55.3 
24.6 -58.0 
42.8 2.8 
29.5 7.5 
21 .8 13.8 
13.3 18.3 
3.5 13.3 

I 
■. 

 •-"-^fl**--^ ..v...... ...     



] 

1 

ü 
0 

0 

i 

I 

i 

I 

us  - 

110 

Ü4 

IE 

ItO 

(04 

^    a 

UJ 

C3 

02 

90 

G3 

LUPACA 
23    MARCH   MS 

T 1 1 r 
21 24 03      A.ST 

i r 1      r 

WIND COMPONENTS 

niö—-iö    -ib—=65—-40   -iö -kr 
VELOCITY   (M/S) 

40 60 

|jyt^k'»^^<.^^..J,,.,.:.^-_jia>j^t-J,..^..>,»l---^ilv./-..(/.i.h/,..vl.Ju<k,.^.i,i*,f^,/^ft^ 



mgmmgtmmnmm. jiiijMimiii i i 
-.r^r"^"^"77^"^"^--7"^^ 

.UPACÄ 

^ 

23   MAflCH 905 21 24 03 AST 

1             1 I            1 I "   !          t          1          1 1 

t20 — — 

ite — — 

m — 
WIND VELDCITY 

— 

M -- 

It2 — 

\ 

— 

(to - V 
"V 

— 

toe — 

r-y 
/ 

— 

»6 - *f — 

_ • 
m — 

\ 

— 

K KS ~ 

v-s 

Nx — 

I 100 

98 

Co 

02 

CO 

— 

• 

©^v 

— 

1            1 1              1 1 1     f    i     1 i 
204060 8OlOOl20>4OI60 

VEUDCITY      (M/S) 

Cojuirt-Vtl-UUU"«-' 
ill   .! . J,; J .1-*J l1*. .„^.^j^J^^fai!aiMi«-^^^^'^«^^,!^J^^i1^^ 



!lj|PPiBillilTW!WWlP^!lll'iiii.i!  i... "''"■''^'■'■'l''     " ""in.»'    ,. i.iiiiiiuiwH^iiiPWWBitpwiipiBi;iwwwpffii)»i|MPi»iipiwwi^^ , u 

I 

1 

0 

i 

LUPACA 
23     MüACH    »66 21 2403 AST 

1            1            1            1 I i   i 1             1 1 

t?0 — A 

1© ~ --] 

113 — 
WIND   HEADING 

—J 

114 — 

^ 

-j 

IC — 

/ 
/ -\ 

IK) — 

-^^" 
J -A 

KM - J ^ —j 

(06 _ 
^^ 

-J 

2 
^ 104 — v. —^ 

X 
O 
UJ 
X 

102 

(00 

98 

C3 

04 

92 

90 

88 

i— 

( 

r 
I      1     I      I 

> 

i 
0 

1             1 1 

—] 

i is I       220        260       300        340      20 

HEADING   IN DEGREES 
60 100 i-40 

i 

J^^iJll^lÜ^AL^rJjlWnVi^^Wl-l^b'liiii  /.^Ua^^^A^^^^^U^^^^*^^.^^:.--^-^.;^.^...:^^^,^^^.^^; ;.-..-.>^rJtAll4..,^.. ^ f -~^.—-i—<.;... „ 



WFTW . ■ i-W. ^.Bl. ■^)1>1«»P r» 
.^---■«IWU «HH LTn, ,,|.,,IIL u pi iii,.. .JU.-IJIIIMpi^JWWmiSfAltUIIJ! 

I 

120 

118 

ne 

114 

11? 

110 

108 
^IGHT 
KM) 

106 

104 

102 

100 

98 

96 

94 

9? 

90 

LUPAKA 

23 MARCH   1965 

T \ r 
21; 24:03 AST 

1 I 1  

WIND SHEAR COMPONENTS 

o  N-S 

o  E-W 

J_ J L J 1 1 L 

100     -80       -60      -40 -20 0 20 40 

SHEAR(M /S /KM) 

60        80 100 

,-i^^£Ji-i.r/-riV^kJ(tf'^.it.a,V^r>^Wh^.S.ttM'^^ViAVii:uilr 



J,.|,1IUJJ1UIUUI      J. . n fe—.uri—U' wjf ■ fl f j) 

a 

o 
ij 

J 

i 

SHOT        MIAMI 2i*   MARCH   1965 ■00    AST 

WIND WIND WIND COMPU.N ENFi 

ALT ITUDE HEADING VELOCITY (M/S) 
( KM) (DEG) (M/S ) N-S E-W 

101.0 64.2 25.2 11.0 22.7 

102.0 112. 1 31.1 -11 .7 28.8 

10 3.0 159.0 45.5 -42 .5 16.3 

104.0 165.0 50.4 -48.7 13.0 

105.0 189.*♦ 48.1 -47.4 -7.9 

106.0 237.3 50.0 -27.0 -^2.1 

107.0 261.6 54.2 -7 .9 -53.7 

108.0 296.9 58. 1 26.3 -51 .8 

109.0 317.0 68.4 50.1 -46 .6 

110.0 328.3 72.4 61 .6 -38.1 

määmä ^^g,,^^^■^,..■:...■^^K^..t.^■^;;.,■1.^^^^,^Jia^^l^^^;.J.K.^^JLJa,;^A^.„......-..  v. . :   . ,...,~-üi,i*.M~^,.,:.lJ..,.*..:~~>..H.::-i ■»-...-.i.,-!-^.... ■■.:..;.,■,.,..■■....,., ..^,;. 



fmmumm..^' 'J' " ■ i'.^riN«.iJ-U»|i.Ht'Wi>i|i«.J-WiWl.y"M ■^^iWWWBMjpiyw«wwwi!^W«»'.iiuuu.iwWfWg'gw»">'«'mMinM ji JI.j.tiiBwg^wwMIIWWjII 

MIAMI 

I 

24 MARCH    1965 01:03:00  AST 
~1 i            l            1             1 1         I 1            1             1 

120 - 

WIND COMPONENTS 
- 

118 - - 

116 - N-S     O 

E-W    © 

- 

114 - - 

112 - - 

110 
HEIGHT 

(KM) 

- 7 y - 

108 — r — 

106 - V<C - 

104 - 
( 

«\ 

- 

102 "" 
^^ 

^  / 

— 

100 — 
— 

98 - - 

96 - - 

94 - - 

92 - - 

90 - - 

till I         i i        i         i 

-100    -80      -60      -40      -20        0 20       40 60        80        100 
VELOCITY (M/S) 

" 

■iflffffM^''1 .:*....- ^.■t.L.^.J.AiJ^fctl»i.^.^^..>KjLi.*Jü 



" nui'juyju.w-,11—n|ll-i" 

J 

J 

] 

y 

J 

i 
HEIGHT (KM) 

24 MARCH   1965                          0103 00 A S T 

I I            1             i            1             1 

120 - WIND VELOCITY 

118 - - 

116 - - 

114 - - 

112 - - 

110 - 
/ 

108 „ 

/ 

106 - 
/ 

104 h 

102 

100 

98 

96 

94 

92 

90 

± 

i 
20        40        60        80        100      120 

VELOCITY (M/S) 

ItolMtowafotetamir iiiiiii   HVfiiivAi, - ■-■:•...;■'. ,^,^.,-.1.^.-^i....< ,t......^j-.^...^>*^Ju.i.^j.Ji.-...-.i>....->^c^-.. •• 



■»y^mi   ji M ■ i        IM^IP».^» aw^imi^* .,..„.,,J-j-i,.1»i,,WWM>iif».T<i4»«!.iHHww i . iwiiiilBBWWiWPWIWPWWIIWIil mm 

M 

MIAMI 

I 

24 MARCH    1965 0103:00  AST 

1             1             1            1 1             1             1 1 i             1             1 

120 - 
WIND HEADING 

118 - 

116 — 

114 - 

112 - 

110 - 
/ 

108 - y / 

106 — 
^ 

w 

«rlGHT 
(KM) 

104 h 

102 h 

100 

98 

96 

94 

92 

90 

J L .L I I J L 1 

0 40        80 120      160       200       240      280       320 
HEADING ,DEG) 

0 40 

I-. .'ir'nWfi ,■--.■■-—■■' • '■ ■■ "•"■-'■'-- -'^ ̂ ..,..^,,.M*.,^^Al^m~,--^^^ 



^ipppppjHijimi.iiiiiji   v«i,-.üivui("u,ik..i,,- UHJ(4IW)jpi^4JURJ|Ui|UU^#|UI|^uJi'U.iU'IMH"llLliuiuiiJ.|ni|ii«iJi^|^ w^fffT"^,'-—n1'-"!-■r*!""""'"'-■■■"■""!'"1"1'",!,"!.,-,'U'-JI^" ,,.^«111.(11   I   .HJpi.^llJJI,! 

J 

] 

D 

I 

I 

120 ■ 

11C 

116 

114 

112 

110 

108 
HEIGHT 
,KMJ 

MIAMI 
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SHOT      NOOTi^A 27   MARCH   1965 02-<:Ü-00   AST 

WIND WIND WIND COMPONENT S 
ALT 1 TUOE HEADING VELOCITY (M/S) 

( <M ) (DEG) (M/S) N-S L--v 
92.0 312.4 77.4 52.2 -57.2 
93.0 327.4 85.8 72.3 -46 . 3 
9^.0 331.8 96.1 84,7 -45 . 3 
95.0 336.6 105.6 96.8 -42 .0 
96.0 341.4 105.5 100.0 - 3 i .ö 
97.0 343.6 106.7 102.4 -30.1 
98.0 354.6 71.8 71 .4 -6.7 
99.0 2.9 30.0 39.0 2.0 

100.0 130.6 15.6 -10.1 11 .8 
101.0 160.6 26.5 -25.0 8.8 
102.0 157.1 36.9 -34.0 14.4 
103.0 153.1 48. 7 -43.4 22.1 
104.0 159.9 65.0 -61 .1 2 2.3 
105.0 166.2 77.3 -75.0 18.5 
106.0 192.7 99.1 -96.6 -21.8 
107.0 214.5 115.6 -95.2 -65.5 
108.0 218.1 115.4 -90.8 -71.3 
109.0 235.7 113.1 -63.8 -93.4 
110.0 258.0 105.4 -21.9 -103.1 
111.0 262.9 93.5 -11.6 -92.8 

1    ;a 
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SHOT       OTTAV^A 28   MARCH   1965 20-0I-'JO   AST 

WIND WIND WIND COMPONENT S 

ALTITUDE HEADING VELOCITY (M/S ) 

( KM) (DEG) (M/S ) N-S E-W 

105.0 91.4 35.3 -0.9 3^.3 

106.0 U6.6 35.2 -29.3 19.4 

107,0 161.5 45.0 -42 .7 14.3 

108.0 174.4 52.6 -52.3 5.2 

109.0 180.7 51.2 -51 .2 -0.6 

110.0 188.3 44.5 -44 .0 -6,4 

111.0 205.5 41.3 -37.3 -17.8 

112.0 231.3 42.8 -26.8 -33,4 

113.0 2^9.0 48.5 -17.4 - 4 -j . 2 

11^.0 260.0 43.8 -7.6 -43. 1 

115.0 267.3 37.0 -1 .7 -37 ,0 

116.0 252.9 35.9 -10.6 -34.3 

117.0 227.A 30.3 -20.5 -22,3 

118.0 211.4 41.3 -35.2 -21,5 

119.0 205.8 44.9 -40.4 -19,6 

fÜtniÜimif*"''  m^jgg J'^..,:^.uu,üa^^^,^a-^-a.,iWl^..«.-i.,.....l.n,J. n |-r|JllJ|ilh>iiJ.tj--i».i,-.,,u J.,..-^.^, ■.. ,j^i . 
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SHOT      PUEBLO 28   MARCH   1963 SZ-cö-CO   AST 

WIND WIND WIND CUMPUMr NT b 
ALT ITUDE HEADING VELOCITY (M/S) 

(KM) (DEC) (M/S) N-S E-W 
90.0 209.6 67.9 -59.0 -33.6 
91.0 227.5 71.9 -48.6 -53.0 
92.0 266.0 8^.^ -5.9 - a ^ . 2 
93.0 27^.0 86.6 6.2 -88 . ) 
9h,0 286.0 96.7 26 .6 -9 3.0 
95.0 296.0 99.6 43 .6 -8V.5 

96.0 313.6 70.3 48 .5 -50.9 
97.0 327.3 58.9 49.5 - 3 1 . b 

98.0 3^5.6 52.6 51 .0 -13.1 
99.0 343.8 53.2 51 .0 -K .8 

100.0 356.^ ^8.3 48.2 -3.0 

101.0 10.1 4A.^ 43.7 7.Ö 
102.0 24.0 42.5 38 .8 17.3 
103.0 39.^ 29.5 22 .8 18.8 

104.0 68.3 31.9 11 .8 29.7 
105.0 93.5 40.4 -2.5 40.3 
106.0 123.5 51.3 -28.3 42 .8 
107.0 170.3 67.6 -66.7 11.i. 
108.0 196.9 84.5 -80.8 -24.6 
111.0 217.6 105.3 -83.4 -64.2 
112.0 220.6 108.1 -82.1 -70.4 
113.0 223.1 107.4 -78.5 -73.3 
114.0 226.9 106.1 -72.5 -7 /.5 

115.0 232.8 98.1 -59.4 -78. 1 
116.0 239.4 85.7 -43.7 -7 i.Q 
117.0 248.6 73.9 -27.0 -08.7 

iitittfü^ii üAti|tfij^^u^u*^j|^|^^t^^^<i ', Jii ji.-.^bJ!Ä^«f ^Ai:.t»ifj-l-t. jA-f-r/ 
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SECTION III 

SEVEN TRAIL RELEASES    June 3-11,  I965 
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SHOT      MARIUS 

ALTITUDE 
(KM) 

102.0 
103.0 
104.0 
105.0 
106.0 
107.0 
108,0 
109.0 
110.0 
111.0 
112.0 
113.0 
114,0 

WIND 
HEADING 

(DEG) 
279.5 
282,5 
306,7 
343.1 
313,0 
305.4 
229.8 
219,4 
211.6 
219.8 
245.3 
256.6 
258.4 

3   JUNE   1965 19-57-00   AST 

WIND 
VELOCITY 

(M/S) 
59.3 
50.7 
37.2 
43.5 
21.6 
10.2 
10.2 
12.5 
14.0 
17.1 
29.9 
25.6 
12.7 

WIND COMPONENTS 
(M/S) 

N-S E-W 
9.7 -58.5 

10.9 -49.5 
22.2 -29.9 
41.6 -12.7 
16.1 -14.5 
5.9 -8.3 

-6.6 -7.8 
-9,7 -8.0 

-12.0 -7.3 
-13.1 -11.0 
-12.5 -27.2 
-5.9 -24.9 
-2.5 -12.4 

i 
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SHOT      NERO 3   JUNE    1965 22-^1-üÜ   AST 

WIND WIND WIND COMPONENTS 
ALTITUDE HEADING VELOCITY { M / S ) 

(KM) (DEC) 1M/S) N-S E-w 
88,0 127.0 41.9 -25.2 33.5 
89.0 122.5 45.8 -24.6 38 .7 
90.0 106.3 61.0 -17.1 58 .5 
91.0 108.1 68.2 -21.2 64.9 
92.0 106.7 67.0 -19.2 64.2 9390 105.7 62.6 -17.0 60.3 
9A.0 109.2 62.9 -20.7 59.^» 

I 

■-■■■"iü<*-;.v>\,c, B    | 
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SHOT  ELA&ABULUS 
UP TRAIL 

4   JUNE   1965 01-3^-56   AST 

I 

WIND WIND WIND COMPONENTS 
ALTITUDE HEADING VELOCITY (M/S) 

( KM) (DEG) (M/S) N-S ■E-w 
91.0 201.4 30.2 -28.2 -11.0 
92.0 195.6 23.6 -22.7 -6.3 
93.0 185.9 15.8 -15.7 -1.6 
9^,0 259.0 4.8 -0.9 -4.7 
95.0 25.8 19.0 17.1 8.3 
96.0 21.0 26.7 25.0 9.6 
97,0 25.0 47.9 43.4 20.3 
98.0 26.1 42.9 38.5 18". 9 
99.0 30.1 52.4 45.4 26.3 
100.0 27.5 50.0 44.3 23.1 
101.0 281.3 14.5 2.9 -14.3 
102.0 240.1 43.4 -21.6 -37.6 
103.0 238.6 56.6 -29.5 -48.3 
104.0 231.7 56.5 -35.0 -44.3 
105.0 214.5 57.1 -47.1 -32.4 
106.0 211.0 55.8 -47.8 -28.8 
107.0 201.9 79.5 -73.8 -29.6 
108.0 176.2 87.7 -87.5 5.8 
109.0 189.1 101.2 -99.9 -16.0 
110.0 194.1 105.4 -102.2 -25.7 
111.0 197.8 100.9 -96.1 -30.8 
113.0 226.5 96.8 -66.7 -70.2 
114.0 238.^» 105.5 -55.2 -89.9 
115.0 249.7 94.8 -32.8 -89.0 
116.0 256.9 87.8 -19.9 -85.5 
117.0 279.7 70.7 11.9 -69.7 
118.0 294.6 69.0 28.7 -62.7 
119.0 302.8 71.6 38.8 -60.2 
120.0 298.8 90.6 43.7 . -79.4 
121.0 291.3 77.8 28.2 -72.5 
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SHOT  ELAGABULUS 4 JUN 
DOWN TRAIL 

WIND WIND 
ALTITUDE HEADING VELOCITY 

(<M) (DcG) (M/S) 
91.0 1^3o^ 45.6 
92.0 182.0 43.7 
93.0 141.6 53.2 
94.0 172.3 14.6 
95.0 22.4 27.0 
96.0 17.1 36.7 
97.0 19.1 46.1 
98.0 17.1 50.9 
99.0 20.3 49.4 
100.0 21.6 41.6 
101.0 1.7 9.5 
102.0 238.0 40.6 
103.0 235.5 52.4 
104.0 216.6 62.1 
105.0 205.3 58.5 
106.0 180.7 109.3 
107.0 176.2 117.9 
108.0 170.3 120.9 
109.0 178.1 126.5 
110.0 187.6 123.1 
111.0 201.2 114.2 
112.0 221.8 108.6 
113.0 232.5 101.9 
114.0 237.7 94.0 
1)5.0 242.8 83.3 
116.0 259.3 69.1 
117.0 20^o 1 61.9 
116o0 290.8 57.9 
119,0 301.3 70.3 
120.0 315.9 49.6 
121.0 313.8 83.4 

01-34-'J6   AST 

WIND COMPONENTS 
(M/S) 

N-S E-w 
-36.7 27.2 
-43.7 -1.6 
-41.7 33.1 
-14.6 2.0 
25.0 10.3 
35.0 10.8 
43.6 15.1 
48.6 15.0 
46.3 17.1 
38.7 15.3 
9.5 0.3 

-21.5 -34.4 
-29.7 -43.2 
-48.6 -38.7 
-52.9 -25.0 

-109.3 -1.4 
-117.6 7.7 
-119.2 20.3 
-126.4 4.1 
-122.0 -16.3 
-106.4 -41.3 
-80.9 -72 .4 
-62.0 -80.8 
-50.2 -79.5 
-38.0 -74.1 
-12.9 -67.9 
15.1 -60.1 
20.6 -54.1 
36.5 -60.1 
35.6 -34.5 
57.7 -60.2 

Mtfiti^'ilWTifrltffiVrtiilr^ r 



LLAGAB 

122 

120 

18    I- 

116 

114 

112 

110 

5    108 

^   ioe 
o 
UJ 
I    104 j- 

102 

100 

98 

06 

94 

92 

90 

4 JUNE 1965 r34'56   AST 

1—T i—i—r 

IND   COMPONENTS 
O   N-S   UP TRAIL 
A   N-S   DOWN TRAIL 

©   E-W  UP TRAIL 
A   E-W DOWNTRAJL 

J I I I L_L 

i—i—r 

-140   -120     -100     -00     -60     -40    -20        0 

VELOCITY (M/S) 

J i 
20        40 60       80 

■ 

_L  -*.:.A^t>;]At^,£i.L'.JL-J.^.!»Jlk.'fc:^i£M-^.tUi^i-J-.: 
...:,. -;^1a^,:-^,-^A^^^:..;^ .^ ja 



WJI|,MMW^IWWI'W(MW^ 

1 

1 
] 

Q 

D 

0 

I 

i 

] 

I 

I 
i 

122 

120 

110 

116 

112 

110 

5 
^      108 

X      106 

104 

102 

100 

93 

96 

94 

92 

9C 

ELAGABULUS 
4   JUNE    I96S 34 56    AST 

i—i—T i—r 1—i     r 

WIND VELOCITY 
© UP   TRAIL I 
O DOWN TRAIL 

J L y ■»   T ■r^r "p ■  ■ 4  ■ ■       ■ ■ 

-J 

i 

39       4Q        80        80        I00 

VELOCITY    (M/S) 
I00       I20        I40        I60 

'■"•wmiimmuMwi ^liyg&tlfcM^&i&iMimüBJH^.i;!.,^^^^  i^..._....^ .-<.-.. 



'. ■'- iMP:H-W)   '"TT" ..,.,.,,... Lm ...^..p^^,..,,, ...i..P, ..r^.^^^jj....,., .,.,, ......   u+vm .y.^m.j IM». ,.i -Jui^iiiifp^yjjijmnjBP, i|,| IUf l||iliifW|l«ffBiigg|Piiff 

I 
122 

120 

no 

116 

114 

112 

|[0 

5 iOU 
^ 

f- 106 
I 
O 
iii 
I 104 

102 

100 

98 

96 

94 — 

92 

90 — 

ELAGABULUS 
4  JUN£   I9«5 13456    AST 

I T i—!—i—i—i—r 

WIND   HEADING 
• UP TRAIL 
O  DOWN TRASL 

0 
360 

.1 L 
40       80        120 160       200     240      280       320      360      40 

HEADING   (DEGREES) 

80 

-   tt  ■ 

Bttttii» asäUt ..^^■.^^ iiiiiiiiiiiiifiiiiiifiiijijiirtiiiiiiihirt^ j i  J 



«■lj||l*«MWUtI»i.i"|ilP »i'ii m.i.w l)UJIjmiLlllPHI.I,HI!Jl.-l  nil   I IM 

J 

D 
D 
0 

I 
i 

i 
I 
l 
I 
I 

! 

ELAGAPULUS 
4   JUNl:   1965 

1 
OV. 34: 56 AST 

r 

i. 
■100     -80      -60     -40      ~20        0        20        40        60        80        100 

SHEAR (M/S/KM) 

. '■'   .  ■,_ _      .   .-CIi...l^.,...—..^;...f.>. i ,    _,_,..l.^_,  



.,,, >„.„u,,..,.n,,„u,mj,,JIWWII,M|,l,1W|RJ i, j imijiiiiimiiiii.L     ,.ipiWili)M)mHjii,jiMwiiii.,jiin,,.,..Uli» Liii}j'LJi^.Jiiu,m/i..AU[mm^mmmmmmi'mmmillflli!tfm 

SHOT  FABIUS 4 JUNE 1963 03-L/-00 AST 

WIMO 
VLTITUDE HEADING 

(KM) (PEG) 
92.0 179.0 
93.0 1*9.3 
96.0 21.1 
97.0 21.6 
98.0 21.6 
99.0 21.0 

101.0 U6.9 
102.0 14A.7 
103.0 U1.2 
1 M.O .128.5 
105.0 132.1 
106.0 132.4 
107.0 193.1 

WIND 
VELOCITY 
(M/S) 
59.8 
Al,4 
48.3 
^9.4 
48.9 
40.0 
49.6 
52.4 
55.2 
67.7 
63.8 
59.3 
47.2 

WIND COMPONENTS 
(M/S) 

n-s t~* 
-59.7 1.0 
-35.6 21.2 
45.1 17.4 
45.9 18.? 
45.5 18.0 
37.3 U.3 

-41 .6 2/.1 
-42.8 30.? 
-43.0 3^.b 
-42.2 53.0 
-42.8 47.3 
-40.0 43.8 
-46.0 -10.7 

..■■ 

 .  ■ ■  
r-,.v^..-....,i..:...j.-,i,.-J..,. ,;....,,i-..  . ■.,«.., *Lt    ... t'illbfa*li,-mi.u...:.^Jj^L^*^^^   j  ,. ,.i^*i*jM 



1i|ll.iM,,.L^u^uw..WWlM|MJfJllltl»WH^^ l|ll|j)l|llWj,.l.piJll.li^a1.|»J»li»l|J||»|UliWll!li,l.l|l|it«,'!lJi. immV'VVfMVß, • •  i.  .1 

I 
1 

D 
0 

J 

I 

I 
I 

I 
I 

2 

I 

112 

110 

108 

103 

104  — 

102 

100 

X      gs 

C3 

24 

02 

90 

ee 

FABIUS 

4   JUNE   1999 

i—i—T 

I I 

1—r 

WIND  COMPONENTS 

J L J L 

03-1700   A.ST. 

i 1—r— 

O N-S 
•   E-W 

J L 
-100    -80     -60 -40     -20       0        20       40 

VELOCITY   (M/S) 

60       80       IOC      120 

^a^iJ-..^^^hKr1..k;.:ü.i^^'tIi.t.-.ri..<.i.v.^.^v!.L-.,^^k.--:^.. ^•■■tv.v.i. .:> -.'L..; ■....•i^.tL.*,&Jti*^'J-Aj*J;»&^:     ,: ,-.   • .-   ■- -       >*. . 



.*■ ■■--■-■:•■•- ii,piiULI   II ^-^^■■»«.TV-,-«^- 'L^ffll liSfW.-yilUi!--' .'^^'J^.W.MJ'^-'^JWJ^WII' 

0 

FABIUS 

5 

X 

112 

110 

103 

103 

104 

102 

100  - 

83  - 

G3   - 

»4   - 

92 

90 

88 

4 JUNE  1©e5 
v~~i r 

WIND 
VELOCITY   , 

03:17:00  Ä.S.T. 

20        40        60 

VELOCITY (M/S) 
120      160      200      240      280      320      360 

HEADING   IN DEGREES 

i 

1 

L...^..^^,^..^...^^..,..--.-^t..|Wlim^  ^.^«a^jkti^^A.^.^.JA..»^^a,'..:--.i,.w.ji,Li.«^^.,«>,- . ^  



m.ll'll^AJJ^l^JMU■■^IM^iJif^.."!' l-'rT'TTTT.-^-.--»r^T^^^-.r-^r^-r^ |_  "-WnTW-71"! 

a 

J 

I 

FAB1US 

112 

110 

108 

106 

104 

102 
HEIGHT 
(KM) 

100 

90 

96 

94 

92 

90 

4 JUNE   1965 

T 1 r 
03; 17: 00   AST 

T 1 1  

WIND SHEAR COMPONENTS 

o N-S 
® E-W 

J. _L I -L -L X I JL ± 
-loo   -et.     -60    -40 -20        Q 20 

SHEAR (M/S/KM) 
40 60        80       100 

Ä"a"™'l"'1''il l111'"* 1|^ll 'Il'irnll'lillli/U^^mitä^lÜtfjl^^^il/lf^^fU^^hA^lLMA  ■.vi.Q---y^,l>ff„.,1|:-t-.n-^iiUS„.J.^u..ii 



TfVJ. ÜIF-WWW' "U- *im • :»'..«> l'^*JP«^ltffJUIf.J^ilWUlH^-l.lTWIIU^l..U.!JBWP!^^ JW pj«if.,«^w.?»jp*j"Jt«.- ('»'■"■■■ •-' l""rfij'»i"P.W.i^T^.ui|.L.""^illH,|M.J(ijp(»ifilBr , Ni. ■, lUWMMpillJiPIUIII, - -iI«l,U,l|PJ||i 

' 

SHOT      OVID 9   JUNE   1965 21-57-00   AST 

WIND WIND WIND COMPONENTS 
ALTITUDE HEADING VELOCITY (M/S) 

(KM) (DEC) (M/S) N-S E-W 
95.0 238.3 39.7 -20.9 -33.8 
96.0 2^3.9 39.0 -17.2 -35.1 
97.0 243.9 39.2 -17.2 -35.3 
98.0 296.4 33.2 14.7 -29.7 
99.0 314.3 3 9.8 27.8 -28.5 

100.0 230.9 30.4 -19.2 -2J.6 
101.0 206.6 36.5 -32.6 -16.4 
102.0 176.4 46.5 -46.4 2.9 
103.0 17j.2 51.7 -51.3 6.1 

Jtv-awrii^UiJ>t'jtrtL.^*-Aw«TiJ-«..ii..-. -^.■. ■>.-..L..r..t^tiHll^i.-.jLfcAJ.fcJif--:V-.'.' '■ u . 



mmpi!f4lff£Q§Biif£ffm£fif!im'*?^^ ii) m \immm*}Bmu'mm}^4i±^mm^wwi i^s.B^'wuijMMJiuji.ifyiHipniJLu .i.^JU.iii^ipyif^^^Ji^wu itijijiij^ij^iL, 

J 

.] 

Ö 

i 

I 
I 
I 
I 

SHOT  CICERO 9 JUNE 1965 23-b7-bO AST 

WIND WIND WIND COMPONENTS 
ALTITUDE HEADING VELOCITY (M/S) 

(KM) (DEG) (M/S) N-S E.-W 
91.0 212.0 56.0 -47.5 -29.6 
92.0 220»0 42.6 -32.7 -27.4 
93.0 229.6 57.4 -37.2 -4J.7 
9^.0 236.8 81.4 -44.6 -68,1 
95.0 2^3.8 76.5 -33.8 -68.6 
96.0 237.3 52-0 -28.1 -43 .8 
97.0 277.8 35.8 4.8 -35.5 
98.0 254.6 31.9 -8.5 -30,8 
99.0 197.1 26.0 -24.9 -7.7 
100.0 151.9 32.7 -28.8 15.4 
101.0 152.2 48.0 -42.4 22,4 
102.0 165.3 67,2 -65.0 17.0 
103.0 170.0 86.7 -85.4 15.0 

itf1i|äaa1i>*<-ia*^A-,....)^u»^K^ ....,.'. . i mMMguiintoA)*^ tau* ■   . 



„^,-,lwm^mm\*vv'imm"y!L>w ^ f-"-^1-. w'i t^j 

f 

OVID 

5 

x 

UJ 
X 

1C3 

104 

102 

100 

9G 

94 

9 JUNE   1965 

1 1 f 
21:67:00    Ä.S.T. 

1 1 1  

WIND 
COMPONENTS 

^—ir~~=i8' 

o N-S 
©  E-W 

^        Ö        M        40 

VELOCITY   (M/S) 

CICERO 

l 
30       100 

9 JUNE   1965 23:57:50  A.S.T. 
1           1           1 1          1 1                        1 

104 — WIND 
COMPONENTS 

6 
— 

102 ^\ 
\ 

— 

•? 100 — Na J — 

V^-^" s^ 

x 
o 
UJ 
X 

90 

96 

34' 

92 

— 

1           1 1     1     1 

> 

O N-S 
• E-W 

1          1          1 

— 

-110     -100     -80 -60      -40      -20 3        20        40        60 

VELOCITY   (M/S) 

: 

:■ 

 - ■ ■ 

.M..^^.^ ^^^..^^^M^^^M^^MMiAi\^mM muMä ■'-■:;'  



yjj!U»MjW^LMWHWi'..l-M.U,UWl^l'W'^ MiyP.WI ."• '•. UlllJU^.Wvl .q 

i 

] 

] 

D 
0 
1 

IOC 

152 

* HO 

C3 

OVID 
9   JUNE   1965 

i     i—T 

WIND 
VELOCITY 

21:57:00    A.S.T. 

J I L 

m- 

-        S4 

WIND 
HEADING 

J L 
20        40        C9        CD 200      240      210       320 

VELOCir       '  S) HEADING  IN  DEGREES 

CICERO 
9   JUNE   1965 23:57:50    AST 

1—i—1—T 

20        40        60        80 
VELOCITY (M/S) 

160      200      240      280 
HEADING   IN  DEGREES 

iiiii 



•mjTVW wi w» iiif JW H<!, tt^Hll I - g«- -^TI'I^IPW.^SM.-..-,,,-^ 

i 

,i i.ii.uiyB.iiajiWHII^HJI^MIIII.'lllt.'j1.1 ■I.WWAPWIPWBI 

0V1D 
g   JUNE    1965 21:57:00 AST, 

1          1 1           1 r     1 ■l riii —\ 

104 - 

0 
WIND SHEAR COMPONENTS 

- 

102 - y \                  0 N-S 
V                © E-W 

— 

100 
HEIGHT 

(KM) 
98 — 

i 
^— 

1   er 

— 

96 - 

^ 

- 

94 - - 

1          1 1       1 JL i         1         1         1        1         1 

■100    -80      -60      -40      -20        0        20 

CICERO 

40 60 00 100 

H[1GHT 

'KM) 

9   JUNE 1965 23:97;50 AST 

1 1            1           I 1            1 1           1           1           1           1 

104 - WIND SHEAR COMPONENTS - 

102 - V f                                  0 N-S 

0 E-W 
- 

100 
T 

- "^V - 

98 ^ - 

96 - J^* „ 

94 - 

c i       6 
f - 

92 = ^s 
^^^ 

- 

l 1            1            1 " 1            1            1            i             1 
■ICO     -80 ■60      -40 •20        0        ?0 

SHEAR (M/S/KM) 

40 60 60 100 

^-.-A-VJ-^A-..»'.-!.., ttuuwtf ..^^^eMLuu-J^^,^^.*.^~^^^^kxJt-:^^^ 



PPPfr!r?ri.iA^iiJ4MiJi,jii)<i^!.,'tiJw,iw"
1" ?<(''»*« 

SHOT      PLINY 10   JUNE   1965 

J 

o 
J 

i 
I 
I 
i 

I 
I 

WIND WIND 
ALTITUDE HEADING VELOCITY 

( KM) {DEG5 (M/S) 
97.0 112.1 58.8 
98.0 113.7 kU.U 
99.0 116.0 35.7 

100.0 116.A 40.9 
101.0 1 14.2 50.4 
102.0 112.5 62.2 
103.0 110.8 67.3 
104.0 108^6 75.8 
10b.0 105.9 75.2 
106.0 102.0 71.9 
107.0 93.1 52.3 
108.0 79.0 30.1 

21-07 -00   A 

WIND COMPONENTS 
(M/S) 

N-S E-W 
22.2 5^.5 
17.8 40.6 
15.7 32.1 
18.2 36.6 
20.7 45.9 
23.7 57.4 
23.8 62 .9 
24.1 71 ,8 
20.5 72.3 
15.0 70.4 
-2.8 52.3 

5.8 29.6 

i 

.■■^„.J-....,-....w.^,.,....^,. ■i.^^.^-.>.,.v.,.ii.i,;..ü^rii.:^-3»itV...^nli.Wit;'ÜVlAdjrtlU^t<...a!^-J.^,<t-lii^ll, 



-■ . .--iii)ji,'.i.'-   '»ni..M"w-!'»"Biji»i.iuunij-i!ii.ji.iiijM.i,ij, umi^mmmum , ■...,,.,-^, . .. ,...,..i^..i'«i»-- ^^^PIH..IIIIII».IIIII.I , mi    ]i IJIwj^HBiP^^^^IWy^^^^t 

PLINY 

no 

108 f 

106 

HEIGHT   KM) 

104 

102  h 

100 

98 I- 

10    JUNE 
1 r 

1965 
T 1 1 1  

WIND COMPONENTS 

o   N-S 

210700   AST 

"I 1 1 

•   E-W 

J L J I I I 

■60      -40 -20 0        20 

VELOCITY (M/S) 

40 60 

N 

II 

110 

108 I- 

106   - 

HEIGHT ;KM) 

104 ^ 

102 

100 

98 

i 1 1 r 

WIND VELOCITY 

J I I L 

1 1 1 

110 - 
WIND HEADING - 

108 — - 

106 - 

\ 
- 

104 - - 

102 „ \ 

( ) 

- 

100 — ( > 

) 

tar 

98 - c " 

..   1 
c 

1 ,   1 
20        40 60        80 

VELOCITY (M/S) 
60        100       140 

HEADING (DEG) 

■MaAMMMIittliaftlitaiiiiiUWii  ■--■■■^'■•'•■■■■■■--^■-ffliMmmnTi^^^ lir^ii^iMMitot«^^ 
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I 

a 

i 
i 
i 

J 

] 

! 

I 

PLINY 

10 JUNE 1965 21 = 07.00 AST 

1             1 1            1            1 I            1             1             I            I 

114 - - 

112 . 
WIND SHEAR COMPONENTS 

_ 

110 - 

o N-S 
- 

108 - <j» - 

106 - 

9 
- 

104 - i ~ 

102 
HEIGHT 
(KM) 

100 

— } •■ 

98 

96 

94 

92 

90 

X J. J. J_ X J. J_ 
-100    -80      -60     -40 -20        0 20       40 

SHEAR (M/S/KM) 
60        80        100 

: ,;:..£.■. .a^t-i?.^ 
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i 

SEJCTIOT IV 

rWO TRAIL RELEASES      August 5-6,  I965 

 u i ^-L. ^ L.  



; 
r I 

J 

0 

I 

I 

SHOT  TIBERIUS 5 AUGUST 1965 20-2, n äST 

WIND WIND WIND COMPONENT S 
ALTITUDE HEADING VELOCITY (M/S) 

( KM ) (DEG) (M/S) N-S F.-w 
95.0 292 6 43.6 16.8 -H0.2 
96.0 33 0.0 53.8 46.6 -26.9 
97.0 340.7 69.0 65.1 -,V.8 
98.0 336.9 63.9 58.8 -25.! 
99.0 349.4 62.2 61.1 -11 .5 
100.0 352.8 49.2 48.0 -6., 
101.0 ' .2 43.7 33 .4 28.3 
102.0 86.0 88.5 5.0 S'l .4 
103.0 94.5 95.9 -7.5 9 5.6 
104.0 97.9 97.8 -13.5 )6 .r' 
105 ••: 98.8 100.2 -15.4 9 9.0 
106.0 105.8 94.9 -25.9 91.3 
107.0 110.0 98.5 -33.7 92.5 

lMlliWliai^t>»fffiM*rdwifti',iiiJ^>/J^"-M 'iii-ilt1>iiinAHiii"-
L-;'|,"-'-^-'r'• •''■---■•■^■Aij->-"'-' ..w.i.-j..... .<■■.,i,-. ,,,*-*... 



ii.i   ■-IIIWL.WDIPII.U, »IMBÄliWTOUli i rj.JJL.nilMHMHH»! -,H:.,)..^T,»l|4.111»1lJJ.UJI,ll,l,IWmJ, i. ..ivmimm^ 

SHOT      UMDRIA 

WIND 
ALTITUDE HEADING 

( KM ) (DEG) 
94.0 9.7 
95.0 26.6 
96.0 80.1 
97.0 98.8 
98.0 101.3 
99.0 102.7 

100.0 108.1 
101.0 1 13.8 
102.0 1 14.7 
103.0 112.9 
104.0 109.0 
105.0 108.7 
106.0 105.6 

6 AUGUST 

WIND 
VELOCITY 

(M/S) 
98 = 6 
46 = 6 
58 ,9 
93 = 6 

no, .6 
113. . 3 
123. .4 
125. .8 
128, .0 
127, , 7 
128. .3 
131. ■ 0 
145. 3 

1965 02-44-00   AST 

WIND COMPONENTS 
(M/S ) 

N-S E-W 
97.2 16 .6 
41.7 20.9 
10.1 5 8.1 
14.3 92.5 

■21.; 1 08 .4 
■24. y 110.5 
38.3 117.3 
50.9 115.1 
53.9 i 17-.0 
49.6 117.6 
41 .7 121 .3 
41 .9 124.1 
39.0 140.0 

fiiftiMa^iii   ■  



P!|;l    II.      jlll ,Jl^^imi^.JJ,liM^!^;'.^IVP.-J.VIv!l»if ppyq^^u^.. ..!,   ^  ,.,,_..„—^«„^i-tTT-rrTTTTr-^rnT j.v'"-fH^rr'™^TT' "T—,, ...f-, -; - .■:■.  .... »TIBWJW^,.. ,„. vr JJM^-l-» 4   .lLJ..,-Hl-     •?*- •    ■^"»W'^''.- -1   ll,U-J».l4«.. 

i 

! 

Ü 

1 

I 
] 

i 

TIBERIUS 
5 AUGUST  1D30 I0:J0^0 AST. 
1           1           1 J 1      1      1 1           1           1           1 

too _   

106 — ( 
\ 

WIND 
COMPONENTS 

\          ' 

^104 — 

0   N-S \ j          " 
* 102 — O   E-VV ^s 

^^___ ̂ y   i UJ 
I ^^W^T 

ICO — "^N — 

96 h- 
\ 

—i 

06 — 
/ ^^ 

- 

\     1     1 n i i ' iii 
-60     -60    -40     -90 0 30       40 

VELOCITY (M/S) 
CD        tOO      120 

6 AUGUST   1966 0X44:00   A5.T. 
r       i       i i       i       i       i 1             1            1 

106 

104   J WIND 
COMPONENTS f   

102 — { i — 

100 — 

\ 
O  N-S 

j — 

06 — 

V 
• E-W ^j - 

06 — — 

04 — ^            ^^—^ ̂  — 

i       i       i 1111 • i i 
i 

i 
-60      -40      -20 20        40 90 

VELOCITY (M/S) 
00 100       120      140 



<1 

TIBERIUS 
5  AUGUST   1063 

20:20 30  A.S.T. 

106 

104 h 

2 

102 U 
x 

1 100 h 

40        60        CO        100 

VELOCITY (M/S) 

6  AL'GUST  108S 

320 0        40        CO 120 

HEADING  IN DEGREES 

UMBRIA 

106 

104 

-. 102 h 

T 1 r 

WIND 
VELOCITY 

x 100 

98 

ß3 

94 

"i r 
02 44:00   AST. 

I I  

H  io« 

104 

102 

100 

M 

Ö«f- 

H      »4 

WIND 
HEADING 

60 80 100       120      140 

VELOCITY (M/S) 

*0        80 120        150 

HEADING  IN   DEGREES 

i  
—■ - -^^^^.■^>—.<^~ : ^^..W^^...^.^^.^^..^^^  ^. 
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